Little is known about the sylvatic transmission cycle of Trypanosoma cruzi in the Gran Chaco ecoregion. We conducted surveys to identify the main sylvatic hosts of T. cruzi, parasite discrete typing units and vector species involved in Pampa del Indio, a rural area in the humid Argentinean Chaco. A total of 44 mammals from 14 species was captured and examined for infection by xenodiagnosis and polymerase chain reaction amplification of the hyper-variable region of kinetoplast DNA minicircles of T. cruzi (kDNA-PCR). Ten (22.7%) mammals were positive by xenodiagnosis or kDNA-PCR. Four of 11 (36%) Didelphis albiventris (white-eared opossums) and six of nine (67%) Dasypus novemcinctus (nine-banded armadillos) were positive by xenodiagnosis and or kDNA-PCR. Rodents, other armadillo species, felids, crab-eating raccoons, hares and rabbits were not infected. Positive animals were highly infectious to the bugs that fed upon them as determined by xenodiagnosis. All positive opossums were infected with T. cruzi I and all positive nine-banded armadillos with T. cruzi III. Extensive searches in sylvatic habitats using 718 Noireau trap-nights only yielded Triatoma sordida whereas no bug was collected in 26 light-trap nights. Four armadillos or opossums fitted with a spool-and-line device were successfully tracked to their refuges; only one Panstrongylus geniculatus was found in an armadillo burrow. No sylvatic triatomine was infected with T. cruzi by microscopical examination or kDNA-PCR. Our results indicate that two independent sylvatic transmission cycles of T. cruzi occur in the humid Chaco. The putative vectors of both cycles need to be identified conclusively.
The protozoan Trypanosoma cruzi, the etiologic agent of Chagas disease, has been detected in more than 180 mammalian species from 7 orders and 25 families in the Americas (Barretto 1979; World Health Organization 2002; Noireau et al., 2009) . The main hosts of T. cruzi are marsupials, edentates, rodents and carnivores in sylvatic habitats, and humans, dogs, cats and rodents in domestic or peridomestic transmission cycles. Originally a vectorborne zoonosis affecting sylvatic mammals, current estimates suggest that between 10 and 17 million people may be infected with T. cruzi (World Health Organization 2002; Schofield et al., 2006 ). An increasing number of food-borne outbreaks of human T. cruzi infection originating from different sylvatic sources has been recorded during recent decades (Alarcón de Noya et al., 2010) .
Trypanosoma cruzi has recently been classified into six discrete typing units (DTUs) ranging from T. cruzi I (TcI) to T. cruzi VI (TcVI) (Zingales et al., 2009 (Zingales et al., , 2012 . DTUs were initially defined as "sets of stocks that are genetically more related to each other than to any other stock and that are identifiable by common genetic, molecular or immunological markers" (Tibayrenc, 1998) . TcI has the widest distribution range from USA to northern Argentina and Chile; TcIII has been detected from western Venezuela down to the southern cone countries, and TcIV occurs north of the Amazon basin and in the USA, though there are some reports south of the Amazon Yeo et al., 2005; Noireau et al., 2009; Llewellyn et al., 2009 ). TcIII and TcIV have usually been isolated from sylvatic mammals, but there are a few reports in humans from Colombia, Bolivia and Venezuela (Ramírez et al., 2010) . Several DTUs occur mainly (TcII) or are confined to (TcV and TcVI) the southern cone countries where they frequently infect humans and dogs (Montamat et al., 1992; Brenière et al., 2002; Diosque et al., 2003; Burgos et al., 2007; Cardinal et al., 2008) . Distinct transmission cycles may occur in parallel in the same forest fragment (Miles, 1979; Lisboa et al., 2004) . The impressive genetic diversity of T. cruzi and heterogeneity in transmission cycles support the need for new detailed studies at defined spatial scales for better understanding of transmission dynamics and parasite evolution (Miles et al., 2003) .
The Gran Chaco-a 1.3 million km 2 plain mainly extending over Argentina (62%), Paraguay (25%) and Bolivia (12%)-is the most biodiverse ecoregion after the Amazon (The Nature Conservancy et al., 2005) . A marked East-West gradient in annual rainfall created two subsections (humid in the east and dry in the west) home to 44 complex units of ecological systems. The Gran Chaco is hyperendemic for Chagas disease and other neglected infectious diseases (Gürtler, 2009; Gürtler et al., 2007a) . In this region, T. cruzi infects various species of marsupials (e.g. Didelphis albiventris, white-eared opossums), armadillos (especially Dasypus novemcinctus, nine-banded armadillos), rodents (Calomys musculinus and C. laucha) and carnivores including skunks, ferrets, foxes and coatis (Carcavallo and Martínez, 1968; Barretto, 1979; Wisnivesky-Colli et al., 1992; Yeo et al., 2005; Ceballos et al., 2006) . In the Argentinean and Paraguayan Chaco, TcI and TcIII mainly occurred in opossums and nine-banded armadillos, respectively (Montamat et al., 1992; Luca d'Oro et al., 1993; Brisse et al., 2000; Diosque et al., 2003; Yeo et al., 2005; Ceballos et al., 2006; Cardinal et al., 2008) , whereas TcV and TcVI were more prevalent in domestic environments in Triatoma infestans, humans, dogs and cats. In the Bolivian Chaco there is also evidence of the occurrence of TcIII ). The most conspicuous potential vectors of T. cruzi in the Gran Chaco are T. infestans, Triatoma sordida, Triatoma guasayana and Triatoma eratyrusiformis (Carcavallo and Martínez, 1968; Carcavallo et al., 1998) .
Large-scale changes in land use and habitat fragmentation throughout Latin America may impact on extant sylvatic transmission cycles of T. cruzi in different ways (Ceballos et al., 2006; Vaz et al., 2007) . In the Gran Chaco, deforestation and rapid expansion of intensified agriculture have caused large degradation and fragmentation of natural forests and significant biodiversity losses (Bucher and Huszar, 1999 ). An assessment of the impacts of ongoing environmental changes requires more information on the structure of transmission cycles in distinct biological communities over time. As part of a multi-site project on the eco-epidemiology and control of Chagas disease in the Gran Chaco including sister sites in Bolivia and Paraguay, the current study sought to identify the main sylvatic hosts of T. cruzi in the humid Argentinean Chaco, circulating parasite DTUs, and vector species involved.
Materials and methods

Study area
Field work was conducted in a well-defined rural area (450 km 2 ) in the municipality of Pampa del Indio (25° 55'S 56° 58'W), Province of Chaco, Argentina. The study area belongs to the eastern Chaco of the low Paraguay River (The Nature Conservancy et al., 2005) and has been described elsewhere (Gurevitz et al., 2011) . In common agreement with the provincial Chagas disease control program, Pampa del Indio was selected for this study because it had high indices of infestation and the last treatment with residual insecticides by official vector control programs had been in 1997. Before all houses in the study area were sprayed with pyrethroid insecticides in November 2007, the prevalence of house infestation (as determined by pooling results from several methods: timed manual collections with a dislodging agents, knockdown during insecticide spraying, and householders' bug collections) with T. infestans (46%) and infection with T. cruzi in domestic bugs (22%), dogs (26%) and cats (29%) were indicative of active domestic transmission (Gurevitz et al., 2011; Cardinal et al.,, unpublished results) . Mean monthly temperatures range from 15°C in winter to 28°C in summer, and mean annual rainfall (954 mm) mainly occurs in summer and fall. Rural villagers mostly have a subsistence economy based on raising goats or poultry, growing various crops and cotton, and exploiting forest resources. The landscape includes a mosaic of crop or cotton fields and native dry forest with various degrees of degradation.
Mammal and triatomine capture
Mammals were sampled in sylvatic habitats around six rural villages (Santa Rita, Santos Lugares, El Salvaje, La Loma, Campo Los Toros and Los Ciervos) in August 2008. Medium-sized mammals (opossums, armadillos, felids and rabbits) were live-captured with National traps baited with beef or chicken scraps soaked in fish sauce deployed every 50 m along transects lines. Rodents were caught with Sherman traps baited with peanut butter, corn and barley seeds; they usually were deployed in association with a National trap. National-like, home-made traps were used by experienced local hunters who also caught mammals manually. The research team also caught two Procyon cancrivorus using tranquilizing darts (Telazol®, Tiletamine & Zolazepam, Fort Dodge) . Traps were deployed in degraded woods, grasslands and in fields cultivated or covered by stubble, and their location georeferenced (Garmin Legend C). Traps were checked every morning and rebaited when needed. The total catch effort was 1,599 trap-nights with National or homemade traps, and 440 trap-nights with Sherman traps.
Biosafety and animal processing procedures were performed according to protocols approved by the Ethical Committee Dr. Carlos Barclay (Buenos Aires). Transit permits were also obtained from the provincial government. The captured animals were transported to the field laboratory to assess their clinical status before and after anesthesia. Parenteral anesthesia was performed with tiletamine clorhydrate and zolacepan clorhydrate (Zelazol®, Fort Dodge) or ketamine clorhydrate (Vetaset®, Fort Dodge) combined with xylacine (Ronpun®, Bayer) in doses appropriate to species and weight (Carpenter et al., 2001 ). Inhalatory anesthesia with Isofluorane® was used in rodents. Pregnant females were not anesthetized and were kept in quiet environments during procedures. Didelphis opossums and armadillos were assigned to age classes based on tooth eruption and wear (Schweigmann et al., 1999, Genoways and Timm, 2003) . All animals were sexed and measured from snout to base of tail and tail. Animals were marked with numbered metal tags (National Band & Tag co.) and/or tattooed depending on the species, and then released at the capture site once they recovered fully from anesthesia.
Searches for sylvatic foci of triatomine bugs with mouse-baited sticky traps (Noireau traps) were conducted by three team members during three weeks in February-March 2008 (using 354 trap-nights in 12 sampling areas) and 2009 (using 364 trap-nights in 11 sampling areas). Baited sticky traps were deployed during late afternoons in hollow tree trunks (live or dead), fallen logs, and in the entrance of eight burrows; all sites were georeferenced and identified with a numbered piece of cloth as described elsewhere (Ceballos et al., 2009) . High tree holes were accessed by means of a telescopic ladder. Temperature and relative humidity were measured with a data logger (Hobo). Traps were left overnight and recovered early in the following morning. The trapped triatomine bugs were carefully removed and stored in labeled tubes with folded filter paper. Light traps (a 1.25 × 2 m frame holding a white cloth illuminated with a black light tube) were set up on appropriate evenings for triatomine flight (i.e., with wind <10 km/h, >20°C and no rain) from 20:45 (sunset) to 23:00 hs (VazquezProkopec et al., 2004) . Wind speed was recorded with a hand-held electronic anemometer and temperature recorded with an automated electronic sensor during light-trapping efforts. Light traps were deployed far from houses in wood openings; they were operated in pairs in six areas in 2008 and in triplets or pairs in five areas in 2009 (12 and 14 light trap-nights, respectively). During light-trapping nights temperatures were 20.7-30.4°C and wind speed averaged 0.19 m/sec (range, 0 to 4.42 m/sec).
To locate any associated triatomine bug in opossum or armadillo burrows and tree holes, five armadillos from three species and one Didelphis opossum were fitted with a spool-andline tracking device (weight, 70 g; range, 1,500-2,000 m) at the site of capture (Miles et al., 1981) , released there in the evening and tracked during the next two days. Animals could not be tracked more than two days because the spool-and-line device was frequently dropped off when the animals entered some holes or the line was used up (one opossum). Burrows or tree holes where the tracked animals sought shelter were marked with a colored tape and georeferenced for subsequent searches of triatomine bugs when the tracking was completed. A vacuum cleaner fitted with a flexible hose was used to aspirate all materials and rubble within the nest or burrow. Because this procedure was considered ineffective, the burrow was dug up and all the material collected and screened for triatomine bugs.
All triatomines collected were identified to species and counted by stage as described by Canale et al. (2000) . Given that the taxonomic identification of small nymphs based on morphological characters is difficult, first-or second-instar nymphs were individually placed in labeled plastic vials, artificially fed with uninfected rabbit blood and kept alive until molting.
Parasitologic methods
Blood samples were drawn by venipuncture from all specimens. An aliquot was diluted 1:1 in guanidine buffer for PCR and the remainder was centrifuged during 15 min. at 3,000 rpm for serum collection. Each animal was examined by xenodiagnosis with 5 (rodents), 10 (small armadillos and cavids) or 20 (other medium-sized mammals) uninfected fourth-instar nymphs of T. infestans contained in wooden boxes applied on the host during 25 min and checked for its degree of blood engorgement (Gürtler et al., 2007b) . Pools of feces from five xenodiagnosis bugs that had fed on a given specimen were examined microscopically (Zeiss) at 400× magnification 30 and 60 days post-exposure. Bugs from each T. cruzipositive pool were re-examined individually to assess the individual host's infectiousness to the vector (i.e., number of infected bugs fed on a given individual divided by the total number of insects examined for infection at least once, excluding bugs that died prior to the first examination). The numbers of exuviae and of dead bugs in each box were recorded as an index of xenodiagnosis quality. Of 629 bugs used in xenodiagnosis, 94.1% were alive on first examination and 15.1% of those alive at first inspection molted within the 60-day observation period.
Feces from microscope-positive xenodiagnosis bugs were cultured in biphasic medium (brain-heart-infusion and nutrient agar mixed with defibrinated rabbit blood) as described by Lauricella et al. (2005) . Parasite cultures were cryopreserved and DNA extracted after boiling samples for 15 min (Marcet et al., 2006) . Blood samples mixed with guanidine-EDTA buffer were boiled for 15 min. and DNA was extracted with DNeasy Blood & Tissue Kit following manufacturers' instructions (QIAGEN Sciences, Maryland, USA).
Third-to fifth-instars and adult triatomine bugs were microscopically examined for T. cruzi infection at 400× and by PCR targeted to 330 base pair (bp) fragment of the minicircles of the kinetoplastid genome (kDNA-PCR). Infections with T. cruzi were revealed by kDNA-PCR using primers and cycling conditions previously described (Schijman et al., 2003; Burgos et al., 2005) . Each PCR run included 100 fg of T. cruzi DNA as positive control and sterile distilled water as a negative control. Aliquots of 12 µl of PCR products were visualized under UV light after electrophoresis in 2% agarose gels containing Gel-red ® (Biotium). T. cruzi DTUs were identified in culture samples of each infected animal by PCR-based strategies targeted to the intergenic region of spliced-leader genes (SL-IRac, SL-IRII, SL-IRI) and 24s alpha ribosomal DNA genomic markers with the incorporation of Taq platinum (Invitrogen, USA) as described by Burgos et al. (2007) (Figure 1 ). TCC/TC1 and TCC/TC2 primers were used at the start of genotyping procedures to identify the DTU infecting one of the xenodiagnosis-positive D. albiventris (Brisse et al., 2001 ).
For sequence analysis of SL-IR amplicons, the 200 bp amplicons obtained in SL-IRac-PCRs were purified using a QIAquick PCR purification kit (QIAgen®) and sequenced (Macrogen, Korea). Electropherograms of forward and reverse sequences were edited using the program Chromas Version 1.45. A consensus of forward and reverse sequences (contig) was created. SL-IR sequences were aligned using the ClustalW algorithm in MEGA 5 (Tamura et al., 2011) and adjusted visually. SL-IR sequences from TcIII and TcIV reference strains were obtained from the GenBank database: M5631 (AY367126), CANIII (AY367123) (Sturm et al., 2003) , M6241 (AF050522) and MT4167 (AF050523) (Fernandes et al., 1998) .
Results
A total of 44 mammals from 14 species was captured (Table 1) . Of these, 23 mammals were captured with National or similar home-made traps (1.4 per 100 trap-nights); 13 rodents were caught with Sherman traps (3 per 100 traps-nights), and 8 mammals were caught manually or with darts. D. albiventris opossums (mean weight, 739.1 g; mean body length, 31 cm) belonged to age classes IV (5) or V (5) and were approximately 6 and 9 months of age, respectively. All D. novemcinctus armadillos were adults >1 year of age (mean weight, 3,431.3 g; mean body length, 41 cm).
The composite prevalence of T. cruzi infection (as determined by xenodiagnosis or PCR) over all mammals examined was 22.7% (95% confidence interval, CI, 10.3-35.1%) ( Table  1) . Three (27.3%) D. albiventris opossums (all in age class IV) and 6 (66.7%) D. novemcinctus armadillos were xenodiagnosis-positive. Parasite isolation through culture was successful in all xenodiagnosis-positive individuals. Blood samples from xenodiagnosis-positive animals displayed the 330 bp band indicative of T. cruzi infection by kDNA-PCR. Only one xenodiagnosis-negative opossum was positive by kDNA-PCR. The combined prevalence of T. cruzi infection was 36.4% (95% CI, 7.9-64.8%) in D. albiventris and 66.7% (95% CI, 35.9-97.5%) in D. novemcinctus. Among animals positive by xenodiagnosis or kDNA-PCR, on average D. albiventris infected 46.1% of T. infestans nymphs (95% CI, 34.8-57.3%) whereas D. novemcinctus infected a substantially larger (84.5%) frequency of nymphs (95% CI, 77.9-91.1%). Host species with non-infected individuals belonged to Cricetidae, Dasypodidae, Felidae, Procyonidae, and Leporidae. Fig. 2a illustrates the band patterns of the PCR products obtained when using TCC/TC1 and TCC/TC2 primers with DNA from T. cruzi infecting a D. albiventris opossum DNA.
Absence of amplification of the 300 bp and the presence of 350 bp fragments of the intergenic region of the mini-exon genes (Brisse et al., 2001 ) indicated TcI. Another two D. albiventris opossums examined with the protocol developed by Burgos et al. (2007) presented the 150 bp band for the SL-IRac leader sequence (primers UTCC/TCac) (Fig. 2b) and the 475 bp band for the SL-IRI leader sequence (primers UTCC/TC2), indicative of TcI. All isolates from D. novemcinctus armadillos displayed the 200 bp band for the SL-IRac leader sequence (primers UTCC/TCac) and the 125 bp band for the 24sα ribosomal DNAHnPCR sequence (primers D76/D71), indicative of TcIII (Fig. 2c) . The DTU of the kDNA-PCR-positive sample of the xenodiagnosis-negative opossum could not be identified.
Sequence analysis of SL-IR amplicons shows that five T. cruzi isolates infecting Dasypus novemcinctus (Dn 1, Dn 27, Dn 33, Dn 43 and Dn 44) were more closely related to TcIII than to TcIV, with 98.5% and 82.1% sequence identity with Tc III and Tc IV consensus sequences, respectively (Fig. 3) . GenBank accession numbers are Dn 1 JX154668, Dn_27 JX154669, Dn_33 JX154670, Dn_43 JX154671, and Dn_44 JX154672. Of seven animals fitted with the spool-and-line device, four (1 opossum, 1 six-banded E. sexcinctus and 2 D. novemcinctus armadillos) were successfully tracked to six refuges.
Failed tracking attempts occurred when the spools did not fit in the burrows where the animals sought refuge and were dropped off (1 opossum, 1 C. vellerosus and 1 T. matacus).
All devices were retrieved. Only one of the four burrows excavated (an armadillo burrow where an opossum sought refuge) contained a Panstrongylus geniculatus fourth-instar nymph recently fed, not infected with T. cruzi.
Discussion
Our study indicates that D. albiventris opossums and D. novemcinctus armadillos are probably the main sylvatic reservoir hosts of two independent transmission cycles of TcI and TcIII in the humid Argentinean Chaco. Both hosts were highly infectious to T. infestans -another feature of important reservoir hosts. No other sylvatic host of T. cruzi was detected, and there was a close agreement between xenodiagnosis and kDNA-PCR outcomes.
The finding of TcIII in nine-banded armadillos is the first such report from the Argentinean Chaco. TcIII infections were further confirmed by the analysis of sequence polymorphisms within the 200bp amplicons obtained in the SL-IRac PCR. D. novemcinctus has been found infected with TcIII throughout most of its range (Noireau et. al., 2009; Llewellyn et al., 2009) . Previous findings of TcIII elsewhere in the dry Argentinean Chaco included one Conepatus chinga skunk, three domestic dogs and one adult peridomestic T. infestans (Ceballos et al., 2006; Cardinal et al., 2008) . In the Paraguayan Chaco, TcIII was found in D. novemcinctus and Chaetophractus spp. armadillos, Monodelphis domestica (Yeo et al., 2005) and domestic dogs (Chapman et al., 1984) . D. albiventris has been found infected with TcI throughout its range with very few exceptions (Diotaiuti et al., 1995; Barnabé et al., 2000; Diosque et al., 2003; Yeo et al., 2005; Ceballos et al., 2006; Luca D'Oro et al., 1993) . Our findings further support the theory that arboreal transmission cycles including opossums are usually associated with TcI, whereas terrestrial transmission cycles with armadillos as reservoir hosts include TcIII (Yeo et al., 2005; Cardinal et al., 2008; Llewellyn et al., 2009 ), though this relationship may not be absolute (Marcili et al., 2009 ).
The observed prevalence of T. cruzi in D. novemcinctus armadillos (67%) exceeds previous findings in the Gran Chaco, although the number of animals we examined was smaller. The first reported finding of T. cruzi-infected nine-banded armadillos (16%) in the humid Argentinean Chaco was based on less sensitive and more laborious methods (Mazza et al., 1930; Romaña and Schürman, 1931) . A more recent regional xenodiagnosis survey of various armadillo species (including D. novemcinctus) surprisingly found no T. cruzi infection among 81 specimens from the Argentinean Chaco (Martínez et al., 1983) . In two sites located in the dry and humid Paraguayan Chaco, T. cruzi infections were recorded in D. novemcinctus (44.7%, TcIII and TcV), E. sexcinctus (17.4%, TcII, TcIII and TcV) and Chaetophractus spp. (3.6%, TcIII) (Yeo et al., 2005) .
Dasypus novemcinctus has a wide range from northern Argentina and Uruguay to the southern USA, and its population size is apparently increasing despite being hunted for meat consumption (IUCN 2010.2, http://www.iucnredlist.org/apps/redlist/details/6290/0). The risks of human infection associated with skinning infected wild mammals or consuming undercooked armadillos or opossums are well known. Rural villagers from our study area and Paraguay (Yeo et al., 2005) frequently reported keeping armadillos in captivity at their homes for some time before eating them. This is a potential entry point of TcIII into the domestic cycle through domestic or peridomestic triatomine bugs feeding on them.
The occurrence of T. cruzi infection in Didelphis opossums aged < 9 months indicates an active sylvatic transmission cycle. D. albiventris opossums were as frequently infected with T. cruzi (36%) as they were 70 years earlier (25-45%) as determined by less sensitive diagnostic methods (Mazza and Schreiber, 1938) . In the dry Chaco, 49.3% of D. albiventris harbored T. cruzi-like parasites in fresh blood preparations in the 1930s (Canal Feijóo, 1939) . This was the highest infection prevalence ever reported for opossums in the Gran Chaco based on a direct parasitological method. We note that Trypanosoma freitasi was unknown at that time; other trypanosomes have been isolated from the bloodstream of Didelphis sp., and Trypanosoma rangeli has not been found in the Gran Chaco as yet. A longitudinal xenodiagnosis survey in Santiago del Estero recorded much more frequent T. cruzi infections in D. albiventris (22-43%) than in skunks (4.1-5.5%) between 1984 and 1991 (Pietrokovsky et al., 1991; Wisnivesky-Colli et al., 1992; Schweigmann et al., 1999) , and a substantial decline in the infection prevalence of both hosts (7.9% and 1.1%, respectively) between (Ceballos et al., 2006 . In a dry section of Chaco province, T. cruzi infections were frequently documented in D. albiventris (35.7%) but not in armadillos examined by xenodiagnosis (Diosque et al., 2004) . More recent, small-sized surveys in eastern Paraguay and northeastern Argentina detected no T. cruzi-infected opossum using xenodiagnosis and/or PCR (Bar et al., 1999; Yeo et al., 2005) . Our review indicates that few surveys of T. cruzi infection in sylvatic mammals have been conducted in the Gran Chaco, especially in the humid section, and that opossum infections with T. cruzi are widespread and widely variable over time and space. In light of major differences in host and vector diversity between the dry and humid Chaco, it is premature to lump results and draw generalizations across the ecoregion.
One potential limitation of our study is that the occurrence of mixed infections of T. cruzi DTUs in the mammalian hosts might have been masked by genotype selection associated with specific in vitro culture methods (Yeo et al., 2007; Llewellyn et al., 2011) ; sensitivity of the PCRs used to identify parasite genotypes, and differential parasite histotropism (Burgos et al., 2005) . Experimental studies have shown differential selection of T. cruzi genotypes depending on the host species (Jansen et al., 1991; Roellig et al., 2009) . Therefore, this process could further enhance segregation of transmission cycles involving specific DTUs within the same area.
The putative vectors of TcI and TcIII in sylvatic transmission cycles of the Argentinean or Paraguayan Chaco have not been identified conclusively (Wisnivesky-Colli et al., 1992; Yeo et al., 2005; Ceballos et al., 2006) . Despite extensive searches in Pampa del Indio, only T. sordida and P. geniculatus were collected in sylvatic habitats and none of them were infected with T. cruzi, whereas very few specimens of T. sordida collected in peridomestic habitats were infected with TcVI and TcI (Maffey et al., in press ). Both species of Triatominae were implicated elsewhere in sylvatic cycles of T. cruzi involving Didelphis opossums and ninebanded armadillos (Miles, 1979; Barretto, 1979; Bar and Wisnivesky-Colli, 2001 ). P. geniculatus has usually been associated with armadillos as vectors of TcIII throughout the Americas but it has also been found infected with TcI, TcII and TcIV in Colombia, Brazil and Venezuela (Carrasco et al., 2005; Valente et al., 1998; Póvoa et al., 1984; Salazar et al., 2006; Marcili et al., 2009 ).
Other candidate vector species exist in the study region. Unlike in the dry Chaco of Bolivia, Argentina and Paraguay (Noireau et al., 2005; Ceballos et al., 2006; Rolón et al., 2011) , sylvatic foci of T. infestans have yet to be identified in the humid Chaco where more thorough searches are needed. Triatoma rubrovaria-associated with T. cruzi-infected ninebanded armadillos in Uruguay (Salvatella et al., 1982) and southern Brazil-has not been recorded in the Gran Chaco (Carcavallo et al., 1998) . The only other known vectors of T. cruzi present in Chaco province are Panstrongylus guentheri, T. guasayana, Triatoma platensis and Triatoma delpontei (Martínez et al., 1988; Carcavallo et al., 1998) . Among them, only a few adults of T. platensis were detected during several domestic and peridomestic surveys conducted throughout Pampa del Indio municipality between 2007 and 2010 (Gurevitz et al., 2011; unpublished results) . Identifying the vector species implicated in the sylvatic transmission of T. cruzi is crucial to provide a more thorough understanding of system components and dynamics.
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Fig.1.
Decision key for discriminating T. cruzi DTUs following Burgos et al (2007) # An additional 150 bp band may occasionally appear. * In samples that amplified 125+140 bp 24Sα-rDNA fragments, mixed populations by TcV +TcII/TcVI cannot be excluded. 
